 The recycled concrete technology has attracted increasing attention since it is one of the major measures to develop an ecological concrete, to achieve the sustainable development of building, resources, and environment. Durability performance of recycled concrete is such an important research direction in the field of recycled concrete that it has long been explored by many researchers. This paper is mainly devoted to the durability of recycled concrete, mainly carbonation resistance and freezing resistance. The advances of recycled concrete's durability, not only at home but also abroad, were reviewed and analyzed by the author.
INTRODUCTION
Recycled concrete (RC) is the new concrete using waste concrete as aggregates instead of natural aggregates through cleaning, crushing, sorting and scaling. Due to the high water absorption of recycled fine aggregates which can reduce the strength and durability of the new concrete seriously, fine aggregates derived from wasted are usually not employed in engineering structures. If there are no special notes, recycled concrete is recycled coarse aggregate concrete. The technology of recycling concrete is a major measure of which develops the green concrete, realizes the sustainable development of construction, resources, and environment, has attracted interest of many researchers and gained the notice of government.
Many researches were carried out on the mechanical properties of recycled concrete, while limited work was done to understand the durability of recycled concrete. The study on the deterioration mechanism under environmental actions, the primary factors that affect recycled concrete durability, the method for improving the durability properties of recycled concrete was developed, contrastive experiment on durability of recycled concrete and normal concrete. The resistance to carbonation, freezing and thawing is discussed in detail, generally commenting on the previous investigations carried out by researchers and the main conclusions made by them. 
INVESTIGATION STATUS IN QUO
In comparison with natural aggregates, recycled aggregates were composed of two materials of different nature: natural aggregates and cement mortar attached to them. The latter is the cause of the different and worse properties of recycled aggregates: lower density, higher porosity and water absorption, and so on. These properties have a negative influence on the properties of recycled concrete.
CARBONATION RESISTANCE
The carbonation of concrete, namely neutralization, is the result of the Ca(OH)2 in the concrete mass, i.e., react to the atmospheric CO2 that diffuses the pores of concrete. The most serious danger caused by carbonation is that reinforcement corrosion occurs after depassivation due to the reduction in alkalinity of the surrounding carbonated concrete, resulting in ultimate disruption of the concrete due to the spalling effect of the concrete cover, endangering the safety of the entire structure.
Porous recycled aggregates resulted in the much higher value of porosity of recycled concrete than that of similar mix of normal concrete, and in a reduction in the carbonation resistance of recycled concrete consequently. While at the same time, recycled concrete can have higher total cement content, and then have higher alkaline reserve that can be carbonated due to the attached mortar of recycled coarse aggregates which has advantage to carbonation resistance. So the carbonation resistance of recycled concrete is the response to two factors mentioned above.
The study of literatures [1~3] showed that the carbonation depth of recycled concrete increased with increases in the replacement levels of natural aggregates by the recycled aggregates in a mix. Otsuki [4] found that the carbonation depth of recycled concrete decreased with decreases in w/c ratios. Otsuki [4] and Hiroshi [5] reported that double mixing method can improve the carbonation resistance of recycled concrete. Hiroshi [5] further stated that the standard deviation of carbonation depth of recycled concrete is larger than that of normal concrete. Ryu [6] concluded that the properties of recycled aggregates (the quality and the content of mortar attached to the recycled aggregates) had no clear effect on the recycled concrete. Amanon [7] found there was no noticeable difference in carbonation resistance of recycled concretes with regard to hydrated level of the source concrete. Shayan [8] reported that carbonation depth of recycled concrete incorporating recycled aggregates treated with a sodium silicate was increased, as sodium silicate had a greater tendency for CO 2 absorption.
Making a comprehensive view; carbonation resistance of recycled concrete was inferior to an equivalent concrete mixture made with natural aggregates. The difference appears to be diminished between the carbonation resistance of the same strength level of recycled concrete and normal concrete. For example, Limbachiya [2] reported that, compared to the same strength level of normal concrete, the carbonation resistance of recycled concrete became better as the replacement ratio of recycled concrete became larger than 30 percent. Salomon [9] found that to make a comparison between recycled concrete and normal concrete of the same strength by means of mix design nomogram (MDN), the recycled concrete present same and sometimes better behavior than the reference concrete made with natural aggregates in terms of the carbonation resistance. This phenomenon can have support in the higher cement content to achieve the same strength compared with reference. In addition to this, the recycled aggregates were constituted partly by old mortar with cement and calcium hydroxide particles, which can increase the alkaline reserve of these recycled concrete. The primary law of carbonation resistance of recycled concrete was that: the carbonation depth of recycled concrete increased with increases in the replacement levels of natural aggregates by the recycled aggregates in a mix. The carbonation depth of recycled concrete was decreased as the increase in the quality of new mortar, which can be achieved by lowering the w/c, substituting mineral admixtures for the proper amounts of portland cement in the mix.
FREEZING RESISTANCE
The domestic and overseas research on the freezing and thawing resistance of recycled concrete was comparatively more than on other durability properties of recycled concrete. This is because recycled concrete is mainly applied in pavement engineering at present and the freezing and thawing resistance is one of the important durability indexes.
Many researchers [10~12] found that recycled concrete had similar or better resistance to freezing and thawing as an equivalent concrete mixture made with natural aggregates. Hendriks [13] reports the no significant difference in frost resistance of cores drilled from two concrete pavements near Helmond in the Netherlands. One pavement was made with normal concrete and the other from recycled concrete. The explanation supported that the higher porosity of recycled aggregates surface is similar to lightweight aggregates which showed an excellent performance under freezing and thawing exposure. Recycled aggregates are not as porous as lightweight aggregates and its surface may have some microcracks due to its processing. In fact what happens lightweight aggregates is that the porosity of the aggregate surface allows the penetration of the matrix into the aggregate and also lowers the local w/c ratio; these reasons cause a better quality transition zone between aggregate and matrix. On the other hand, the porous aggregate can contain a water reserve that foments an internal cure of the concrete, improving its compactness, and prevents the matrix to dry.
However, much more research [14~22] stated that the freezing and thawing durability of recycled concrete is inferior to or even much lower than that of control concrete made with natural aggregates, and the recycled aggregates became the handicap under freezing and thawing exposure. The main cause of this was that the water absorption speed of recycled aggregates is very rapid in the initial period of 10 to 30 minutes soaking for recycled coarse aggregate. In the first 10 minutes, recycled coarse aggregate attain as much as 90% of the 24h water absorption capacity, in the consequent 30 minutes, 95% are obtained, while according to Whitesides [23] , the critical degree of freezing of pore is 92%. So the attached mortar of recycled concrete intended to be deteriorated before the new mortar and became the week points in the system. Hasaba [14] , Kawamura [15] , Gokce [22] observed the microstructure of recycled concrete. The authors concluded that microcracks firstly formatted in the adhered mortar of recycled concrete, then they negatively affect the surrounding new mortar. After a few freezing and thawing circles, the deteriorated particle constituting the local defects joined extending cracks on other throughout the new mortar and an absolute failure occurred in the system. Gokce [22] further found that the presence of non-air-entrained recycled coarse aggregates (i.e., adhered mortar of recycled coarse aggregates is not air entrained) in the aggregate population would enough to drastically reduce freezing and thawing resistance of concrete; while if adhered mortar was frost resistant (air-entrained), recycled concrete subjected to freezing and thawing action did not show excellent performance. From this we can see that there is noticeable difference in freezing and thawing durability of the recycled concretes when air-entrained or non-air-entrained concrete is used as recycled coarse aggregates.
CONCLUSION
These facts below can be concluded from the analysis above: (1) Overall, the durability of recycled aggregate concrete is lower than that of ordinary concrete. However, as long as taking reasonable measures, it is possible to get the good performance for the recycled concrete durability.
(2) The performance difference of recycled coarse aggregate due to sources complexity, and the method difference of durability test make durability test results poor comparability for the recycled concrete.
(3) Study on recycled concrete durability is far from systematic and deeply, to speed up the popularization and application of recycled concrete in engineering, it is very urgent to carry out research on durability mechanism of concrete.
